pSK111, we propose that these DNA segments comprise IS elements. The IS elements from strains Wg2 and SK1l were named ISSIW and ISSIN, respectively. On pWV05, ISSIW is flanked on one side by only part of a second IS element, indicating that pWV05 evolved as a deletion derivative of a precursor plasmid that carried at least two IS elements.
In lactococcus (formerly called lactic streptococcus [25] ) research, conjugal transfer of plasmids is an important genetic tool. A number of traits of economic importance, such as proteinase production, fermentation of lactose and citrate, and bacteriophage resistance, as well as the production of antagonistic compounds such as bacteriocin and nisin, were demonstrated to be plasmid encoded by conjugation (11) . During the last few years, it has become evident that the frequency of conjugation is often dependent on transposition-mediated cointegrate formation between conjugative and nonconjugative plasmids.
As described by Anderson and McKay (1), upon conjugal transfer, the 55-kilobase (kb) lactose plasmid pSK08 from Lactococcus lactis subsp. lactis ML3 forms a 104-kb cointegrate with the 48.4-kb conjugal plasmid pRS01. Since the replicon fusion, which introduced a 0.8-to 1-kb fragment of DNA into the junction fragment, was shown to be independent of general recombination, the presence of an insertion sequence (IS) on the lactose plasmid was proposed. This hypothesis appeared to be correct on the basis of determining both the nucleotide sequences of the junction fragments of a pRS01: :pSK08 cointegrate and the nucleotide sequences of the corresponding regions of the initial precursor plasmids. In this way, Polzin and Shimizu-Kadota were able to identify two 808-base-pair (bp) iso-IS elements: ISSJS and ISSIT (22) . The presence of an IS element on 54-kb proteinase-lactose plasmid pUCL22 from L. lactis subsp. lactis Z270 was demonstrated by Novel et al. (20) . Plasmid pUCL22 formed a cointegrate with the 30-kb heterologous conjugative plasmid pVA797. Upon resolution of the cointegrate, the plasmid corresponding to pVA797 was enlarged by 1.2 kb. Similarly, Higgins et al. (14) demonstrated that upon resolution of a pTN20::pTR1040 cointegrate following conjugal transfer, the 71.7-kb lactose plasmid pTR1040 was enlarged by 3 onstrated that the nonconjugative plasmid pGL3 became conjugally transmissible upon insertion of an IS element into this plasmid.
For proteinase activity to occur in lactococci, the presence of both a gene encoding a proteinase, prtP, and a gene encoding a maturation protein, prtM, is essential (13, 32) . Both genes are present on the proteinase plasmids of L. lactis subsp. cremoris Wg2 (pWV05) and SK11 (pSK111). On both plasmids, both genes are divergently transcribed from regulatory sequences contained within a 0.3-kb ClaI fragment (15, 31) . The nucleotide sequences downstream of the prtM genes were not followed by a terminatorlike sequence. Instead, in both strains we found an additional open reading frame (ORF), preceded by a ribosome-binding site and a putative promoter sequence (13, 32) . As described in this paper, further elucidation of the nucleotide sequence downstream ofprtM revealed the presence of an ISSI-like IS element on the proteinase plasmids from both strain Wg2 and strain SK11.
MATERIALS AND METHODS
Bacterial strains, plasmids, and culture medium. The proteinase-producing (Prt+) strain L. lactis subsp. cremoris SK11 (9) , as well as the Prt+ and proteinase-deficient (Prt-) variants of L. lactis subsp. cremoris Wg2 (21), were grown on M17 broth supplemented with 0.5% glucose (29) . Escherichia coli JM101 was used as a host for M13mpl8, M13mpl9, pUC18 (33) , and their derivatives. Plasmid pGKV500 contains the major parts of both the structural proteinase gene prtP and the proteinase maturation gene, prtM, from L. lactis subsp. cremoris Wg2 (15, 16) .
Molecular cloning and DNA sequence analysis. Plasmid DNA was isolated from the lactococcal strains essentially by the method of Birnboim and Doly (3) . General molecular cloning techniques were carried out as described by Maniatis et al. (18) . DNA fragments from the 27-kb proteinase plasmid pWV05 from strain Wg2 were cloned in pUC18 (Fig.  1A) . DNA fragments from the 71-kb proteinase plasmid pSK111 from strain SK11 were cloned in phages M13mpl8 and M13mpl9 (Fig. 1B) bp downstream of the prtM gene, was found on proteinase plasmid pSK111 from strain SK11. The TAA stop codon of this ORF was directly followed by stop codons in all three possible reading frames (Fig. 2) . ORF-N1 is contained within a 772-bp DNA segment which is flanked by an 18-bp inverted repeat ( Fig. 1 and 2 ).
On proteinase plasmid pWV05 from strain Wg2, also 149 bp downstream of the prtM gene, a 168-bp ORF, ORF-W1, was found ( Fig. 1 and 3 NiaUnGCGACAACGAATTAAGGCTTAACCGAGlTAAGATGAAATAACAGCCAGTTCTTTTAGAAATTGGCTCTTCGTCAAGTAGAGTTGATAGATCTGGTTCdTGGCAAAGTTTTCCAA 120 .mino acids deduced from the largest ORF contained within ISSJ with the deduced amino acid sequences from ORF-W2 and ORF-N1 revealed homologies of 86 and 93%, respectively (Fig. 4) (21) . In order to determine whether plasmid pWV05 contained additional copies of DNA sequences similar to those of w2, plasmid DNA from both the Prt+ and Prtvariants of strain Wg2 was hybridized with a 1.7-kb BglIIAccI DNA fragment from pWV05, containing segment w2. Plasmids pWV05 and pWV04 both hybridized with this probe (Fig. SC, lanes 1 and 4) . DNA fragments from either plasmid hybridizing with this probe were readily distinguishable when the signals from both strains were compared. On the basis of this comparison, the 15-kb EcoRI fragment (Fig.  SC, lanes 2 and 5) and the 3.3-kb fragment in the BglIIHindIII digest (lanes 3 and 6) must have originated from pWV04, whereas the 7.0-kb EcoRI fragment (lane 5) and the 8.5-kb BglII-HindIII fragment (lane 6) must have originated from pWV05. The sizes of the hybridizing DNA fragments from pWV05 indicate that pWV05 carries no further copies of DNA fragments homologous to either w2 or ORF-W1.
The control experiment shown in Fig. SB , in which the plasmid content of Wg2 (Prt+) was hybridized to the 6.5-kb Hindlll fragment from pGKV500 containing the major part of the L. lactis subsp. cremoris Wg2 proteinase gene, was included to distinguish between pWV05 and pWV04.
In addition to the presence of sl-or w2-like sequences on plasmid DNA, there are also copies of these DNA sequences present on the chromosomal DNA of various lactococcal strains. At least two copies of contiguous sequences that hybridize with nl and w2 are present on the chromosome of the well-studied L. lactis subsp. lactis model strain, MG1363 (results not shown). AAAATTTATF CCGTCTCTTTACR GACGAVR GTCTRE LTTCAATCAAATATTCAGGTATTAATGGTACGARGTTCN GTCCCGQATAAAAGCCGTATCTTTTAGTTCTTAAAGGCAC 600 
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F R N R R K V P R H D Q E I L N N L Y K I T R H E: T G Q Y F G Y E K L K K F A S TTGTAATAGAGGGGG CTTTATCTGT'GACTACAACCTTCGGTTCATCAAACTC;CTTCACTAACCGCTTAAGAAAAGCATAGGCTGCTTG TTGTCCCGTTTTTTACGTAACCAAATATCCA T I S P A K D T V V V K P E D FQ K V L R K L F A Y A A Q T D R K K R L W I D L AGGTTAAACCATCDG CATCGAIGCTCGATACAATAATGCCATTTTCCTTTAATTTTGATG TACGTTTCATCCATTTTCCASGAATAAAAGGA ATTTTTCTTTTTCCAATTT T L G D A D I A R Y L Y H W K G K I K I Y T E D M K W S Y F S K K N K K K W I Q GATAGAGTAGTTGCCATATTCTTG CACCCAACGATAAATCTTCGTAGAGAAACGTTAAGCCACGATCATATAAG ATTTCTTGAACTTCACGATAGCTAAGGTTATAACGAAG ATAGT Y L L K G Y E Q V W R Y I K T H S V N I G R D Y L I E Q V E R Y S
DISCUSSION
On the proteinase plasmids from L. lactis subsp. cremoris Wg2 and SK11, we found two homologous DNA segments of 809 and 808 bp, respectively, with 18-bp inverted repeats at their ends. These segments were labeled w2 and nl. The 18-bp inverted repeats in nl were identical to the 18-bp inverted repeat of IS element ISSJ from L. lactis subsp. lactis ML3 lactose-proteinase plasmid pSK08, while the repeats in w2 contained one mismatch (22 On proteinase plasmid pWV05 from strain Wg2, in between prtM and ISSIW, a 186-bp DNA fragment which is identical to the first 186 nucleotides of ISSIN, except for two mismatches, is present (Fig. 3) . This DNA fragment most probably originated from an additional IS element on the Wg2 proteinase plasmid, identical to ISSIN with respect to localization and orientation relative to prtM. Hybridization experiments showed that apart from ISSIW and the remainder of this second IS element, pWV05 did not carry any other copies of ISSI-like elements. The evolution of a plasmid like pWV05, carrying an IS element followed by only part of a second IS element, may be explained in two different ways. In both models we assume the presence of two oppositely directed IS elements on the same replicon, as is the case for lactose-proteinase plasmid pSK08 from L. lactis subsp. lactis ML3 (22) . The first model (Fig. 6 ) envisages the insertion of a third IS element, located either on a plasmid or on a chromosome (Fig. 6, B) , into a target DNA sequence within one of the IS elements on plasmid A. This event will result in cointegrate formation (Fig. 6, C) or chromosomal integration of plasmid A. Subsequent homologous recombination between the two copies of the newly inserted element would result in a plasmid with one copy of the donated IS element within a second IS element (Fig. 6, D) . Homologous recombination between the two different but strongly related IS elements, in direct orientation, on either plasmid C or plasmid D will result in the formation of a deletion derivative of plasmid A. Plasmid A thus carries a hybrid IS element followed by only part of the second IS element (Fig. 6, E) . When chromosomal localization of the donor IS element (Fig. 6, B) is assumed, this homologous recombination will leave part of plasmid A on the chromosome. Alternatively, according to the model for replicative transposition as proposed by Shapiro (26) , one may envisage transposition of an IS element into a target DNA sequence within a second IS element on the same replicon, plasmid, or chromosome. Depending on the orientation of the ligation step, this will result in the formation of two circles, both of which carry a copy of the donor IS element and only part of the target IS element. The overall effect of this intramolecular transposition event will be the deletion of part of the original replicon. According to either model, the presence of one copy of an IS element on proteinase plasmid pWV05 and only part of a second IS element implies that pWV05 is a deletion derivative of a larger precursor plasmid that carried at least two IS ele- (28) . The genetic element pJS96 carries the lactose-metabolizing genes and is capable of replication both as an integrated part of the lactococcal chromosome and as a plasmid (28) . Intramolecular transposition of an IS element had been previously invoked by Anderson and McKay (1) to explain the formation of deletion derivatives from the L. lactis 712 lactose-proteinase plasmid pLP712. Insertion of an IS element into a target sequence within a second IS element was described before by Trieu-Cuot and Courvalin (30) . The gram-negative element ISI5 (1,648 bp) appears to be the result of insertion, in direct orientation, of the 820-bp IS element IS15A into itself. The same authors have suggested that the structurally closely related IS26 might have resulted from homologous recombination between two variants of IS]Sl,.
As described in this paper, significant sequence similarity was observed among ISSIW, ISSIN, and ISSI from L. lactis subsp. lactis ML3 (22) , IS26 from P. vulgaris (19) , IS431 from S. aureus (2) , and IS240 from B. thuringiensis (7) . This homology is illustrated by the alignment of the amino acid sequences of the putative proteins that may be encoded by (Fig. 4) . On the basis of the high degree of sequence similarity between members of the IS element families-IS257 (including IS431) from S. aureus, ISS1 from L. lactis, and IS15 (including IS26)-from gram-negative bacteria, Rouch and Skurray (23) have proposed that these IS elements form a superfamily of IS elements, sharing a common ancestor. In this perspective, it might be significant to note that the key enzyme in lactose metabolism in S. aureus is, as in mesophilic lactococci, phospho-,-galactosidase (4) . S. aureus phospho-3-galactosidase was shown to be highly homologous to the plasmid-encoded phospho-p-galactosidase of L. lactis 712: 82% identical (4, 10). The conserved nature of both the phospho-p-galactosidase genes and the IS elements from S. aureus and L. lactis suggests an IS element-mediated conjugal transfer of genes involved in lactose metabolism between these unrelated organisms.
In all lactococcal strains examined so far, the proteinase genes are plasmid encoded (16) . In a number of L. lactis subsp. lactis and L. lactis subsp. cremoris strains, both the lactose and proteinase genes are located on a large (45-to 100-kb) plasmid, whereas in a number of L. lactis subsp.
cremoris strains, the lactose genes are chromosomally encoded (12) . In those lactococcal strains in which no physical linkage exists between these two sets of genes, the proteinase genes are usually encoded by much smaller plasmids (14 to 34.5 kb) (17) . As proposed in this paper, the 27-kb proteinase plasmid pWV05 (Prt+ Lac-) from strain Wg2 may have originated from a larger plasmid carrying at least two IS elements by a transposition-mediated deletion event. It is conceivable that lactococcal strains in which the proteinase genes are plasmid located and the lactose genes are contained in the chromosome have originated from strains in which the two sets of genes were originally located on one plasmid. The physical linkage between these genes could have been disrupted, as pointed out above, in such a way that the lac genes became integrated in the chromosome. ACKNOWLEDGMENTS This work was supported by the Biotechnology Action Program of the Commission of the European Communities.
We thank H. Mulder for preparation of the figures.
ADDENDUM IN PROOF
Analysis of 0.5 kb of the nucleotide sequence immediately downstream of the proteinase gene on pSK111 revealed the presence of an IS element in direct orientation with respect to ISSIN. Immediately downstream of the proteinase gene on pWV05, the remainder of an IS element was found on a 112-bp DNA segment, which was 63 and 97% identical to a terminal part of ISSIW and ISSIN, respectively. These new findings stress the ubiquitous nature of IS elements or their remnants on lactococcal plasmids and do not alter the conclusions of the present paper.
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